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ABSTRACT 
Control and Evaluation of Big Game Browsing 
Damage to Commercial Fruit Orchards 
by 
William E. Stone, Master of Science 
Utah state University, 1988 
Major Professor: Dr. Michael L. Wolfe 
Department: Fisheries and Wildlife 
Diversionary feeding, artificial feeding designed to 
divert animals away from areas where they might cause 
property damage, was tested for efficacy in reducing fruit 
orchard browsing by big game animals during two consecutive 
winters in Utah. Strategically placed attractive feedstuffs 
lured deer to feed stations and reduced fruit-bud browsing 
(1st year,£< 0.07; 2nd year, E < 0.01). Blossom and apple 
numbers were greater (£ < O. 05) on trees in the feed 
(treatment) orchard than in the no feed (control) orchard in 
each year. However, higher (£ < 0.05) apple production on 
trees where browsing was excluded in the treatment orchards 
compared to the control orchards indicated that intercept 
feeding did not increase crop production. Tree periodicity 
and other factors affecting apple production masked the 
effect of diversionary feeding on crop yield. 
Two independent browsing damage assessment methods, a 
paired-tree technique and a harvest-inflation technique, 
vii 
predicted that the ratio of apples lost per browsed bud was 
0.158 and 0.082, respectively. However, the values of the 
ratio varied widely with each method of estimation. 
Browsing damage differed (E < o. 001) according to branch 
position (below 1 m and distal, above 1 m and distal, and 
above 1 m and proximal to the tree trunk). A less intensive 
count of buds and browsed buds reliably predicted average 
browsing damage in the orchard (determined by counting all 
browsing zone buds on 5% of the orchard trees), when these 
branch classes were used. 
An economic analysis of this feeding program indicated 
that, at current prices, the value of the increased crop in 
the study orchards did warrant the cost of feeding 
associated with them (benefit/cost= 9.20 and 32.89). Deer-
proof fencing, although expensive to install, is a more 
cost-efficient (benefit/cost= 129.28 and 121.11) method of 
preventing browsing damage in the orchards I studied. 
(59 pages) 
INTRODUCTION 
Human encroachment on traditional big game winter 
ranges has led to numerous conflicts between landowners and 
wildlife. One economically important facet of this conflict 
is winter depredation by deer (Odocoileus spp.) and elk 
(Cervus elaphus) in fruit orchards. State wildlife agencies 
and orchardists have long recognized these depredations as a 
widespread and significant type of crop damage in the United 
States (McDowell and Pillsbury 1959). 
The potential for depredation has increased in recent 
decades because of the rising popularity among orchardists 
of dwarf and semi-dwarf trees. Size-controlled trees expose 
a greater portion of the tree crown to big game browsing 
than standard-sized trees. Thus, orchard depredation by big 
game is an increasing concern to orchardists as well as 
state wildlife agencies that compensate growers for crop 
damage. 
Browsing of buds, twigs, and leaves is the primary type 
of orchard damage by deer. In Wisconsin, Katsma and Rusch 
(1979) found that 0.17 apples were lost per growing point 
removed by deer. Winter bud browsing not only reduces the 
potential crop harvest in the year following the damage, but 
may also affect future crops. Browsing on buds and terminal 
twigs causes some young trees to become stunted, misshapen 
and useless for further production (Eadie 1961). Browsing 
has also been reported to cause a delay of fruit maturity 
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and lowered tree vitality (Reigan 1958, Walker 1965). 
The degree of orchard browsing varies with location, 
winter severity, and deer numbers. Caslick and Decker 
(1979) reported that 20% of New York orchardists suffered 
significant losses to deer. In Ohio, 39.5% of orchardists 
surveyed reported moderate to heavy damage by deer (Scott 
1984). A more intense evaluation of browsing damage by 
Katsma and Rusch (1979) in Wisconsin apple orchards showed 
34% and 10% of the growing points were removed by deer in 
1975 and 1976 respectively. 
The economic loss sustained by orchardists because of 
big game damage is enormous and has increased substantially 
in recent decades. Presently, 10 states are required by law 
to provide payment for damages caused by wildlife (Tully and 
Greene 1981). Individual orchardists in New York reported 
annual orchard losses in excess of $10, ooo during recent 
winters, while one county in New York sustained losses of 
$250,000 to fruit orchards during one severe winter (Dyment 
1979). Scott and Townsend (1985) estimated the mean loss to 
apple orchardists in Ohio in 1984 was $2,225 per grower. A 
mild Colorado winter in 1980-81 produced $37,000 in claims 
paid to orchardists for big game damages (Tully and Greene 
1981), but increased to $150,000 the following winter (Tully 
1982) . 
The direct economic loss of reduced fruit crops due to 
browsing is significant, but the total monetary expenditure 
for wildlife damage prevention is even more substantial. 
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Twenty-one states operate wildlife damage control programs 
designed to prevent and/or pay for non-predatory wildlife 
damage. These states spent close to 13.5 million dollars in 
1978-1979 in an effort to control depredation (Tully and 
Greene 1981). Colorado and Wyoming each spent over one 
million dollars in 1979 for wildlife damage control (Tully 
and Greene 1981), while Utah annually spends 250,000 dollars 
primarily for big game damage control (Kimball 1982) and 
$11,000 for annual damage claim payments (UDWR 1983). 
No effective damage control program is possible 
when herd forage requirements greatly exceed the amount of 
natural forage available to big game animals. However, 
increased public demands on wildlife resources and reduced 
availability of winter range habitat preclude this option in 
many orchard regions. When orchards are located in the 
immediate vicinity of winter concentration areas, no 
reasonable amount of herd reduction can be expected to 
completely prevent big game depredation (Bump 1949, Harder 
1968, Strickland 1976). Moreover, state wildlife agencies 
derive most of their revenues from license sales and other 
hunter-generated funds, making drastic population reduction 
unlikely. Alternative control methods including explosive 
devices, chemical repellents, conventional and electric 
fences are either expensive, dangerous or ineffective 
(Harder 1968, Strickland 1976). However, supplemental 
feeding of big game is an effective and inexpensive method 
for reducing or eliminating deer-human conflicts (Goulden 
4 
1983). 
Feeding big game in winter is not a new practice in 
wildlife management. However, the purpose of winter feeding 
in North America has been primarily to save starving deer in 
emergency situations during severe winters. The purpose of 
my study was to divert deer away from orchards to reduce 
browsing damage during winters of normal severity. No 
attempt was made to maintain deer numbers or prevent 
starvation. 
Another major difference between my study and other 
feeding programs is the types of food distributed. Almost 
without exception, previous winter feeding experiments 
used hay as the only supplemental food offered to wintering 
herds. However succulent attractants such as apple pulp and 
pea silage have been used to lure animals to feed stations 
and away from orchards (Goulden 1985). This approach has 
been used to alleviate forest damage in Germany (Lindner et 
al. 1956) and throughout Europe (Garthwaite 1968). Turpin 
(1949) reported that six of the 14 states or Canadian 
provinces resorting to winter supplemental feeding to reduce 
orchard damage found it wholly or partially successful as a 
control 
baiting 
measure. Tully and Greene (1981) mentioned that 
deer and elk away from haystacks to open ranges 
using apple pulp, salt, hay and pellets is accomplished in 
selected areas during hard winter periods. Wood (1986) 
found winter feeding with attractants similar to those 
utilized by Tully and Greene (1981) effective and cost-
5 
beneficial in reducing deer-vehicle collisions in Utah. 
Urness (1980) evaluated the 1978-1979 emergency winter 
feeding program in Utah and did not recommend it for 
preventing deer starvation. He found that feeding costs did 
not justify the effort on the basis of the monetary benefit 
from deer harvested. However, Goulden (1983) found that 
winter feeding with the purpose of decreasing depredations 
was economically feasible for 100 days, assuming 
expenditures averaged less than $20 per deer. Urness (1980) 
reported that John Kimball of the Utah Division of Wildlife 
Resources calculated that, including transportation and 
labor, $12-15 was required to feed a deer for 75 days. The 
hypothesis that supplemental feeding of big game animals 
with attractant feedstuffs can significantly reduce the 
level of browsing damage to orchards warranted further 
investigation. 
Orchard damage is one of the more difficult types 
of big game depredation to assess accurately. Orchardists 
and state wildlife agencies would both benefit from an easy 
and equitable method of damage evaluation. Berry ( 1948) 
reported that orchardists felt they were only compensated 
for half of their losses by state agencies. Resner (1949) 
maintained that orchardists' claims were greatly exaggerated 
and that they usually settled for 10% to 20% of the original 
claim amount. However, he considered this bargaining 
approach an unsatisfactory means of determining game damage, 
and suggested holding crop damage payments for 
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a year in order to quantify losses by comparison with the 
next year's crop. This method is inadequate because of 
annual variation in production and weather. Turpin (1949) 
recognized the inadequacy of information for determining 
orchard damage. Formerly, conservation officers in Colorado 
used a liberal deer-day food consumption rate of 2. 3 
kg/deer/day multiplied by the approximate number of 
offending animals and the length of the depredation period 
to arrive at the degree of browsing damage (Reigan 1958). 
Tully and Greene (1981) reported that Colorado now 
investigates the orchardists' claims in a subjective manner. 
Katsma and Rusch (1979) believed that they could estimate 
crop loss by multiplying the number of browsed buds on 5 
percent of the orchard trees and by a ratio of 0.17 apples 
lost per browsed bud and then projecting this quantity to 
the entire orchard. They also found browsing damage varied 
among sections within the browsing zone. The assessment 
technique employed by Katsma and Rusch needs further testing 
in other fruit-growing regions of the United States to 
determine whether their browsing-damage correlations are 
universally applicable. 
The objectives of my study were: 
1. To determine whether diversionary feeding can 
significantly reduce the level of big game 
browsing damage in mature apple orchards. 
2. To test and refine existing procedures for the 
evaluation of big game browsing damage to 
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commercial orchards; and 
3. To determine if diversionary feeding of big game 
is a cost-effective method of reducing orchard 
browsing damage. 
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STUDY AREA 
The study was conducted during the winters of 1984-85 
and 1985-86 in eastern Box Elder County, northern Utah. Two 
semi-dwarf apple orchards, located at the foot of the 
Wasatch Mountains and adjacent to a 21-km stretch of U. s. 
Highway 89 (hereafter referred to as Hwy. 89), were chosen 
for the study. These orchards were of similar size, age, 
rootstock, and distance from the mountain front. This 
foothill area adjacent to the Wasatch Mountains has a 
history of orchard depredations by big game (Schultz, pers. 
comm.). Big game animals migrate in the fall and spring, 
wintering at lower elevations where orchards exist. Many 
fruit species and varieties are currently cultivated in the 
area, including apples from both semi-dwarf and standard-
sized trees, peaches, and sweet and sour cherries. The area 
is also moderately urban, with residences and small 
businesses. 
Weather records for this area (elev. 1310 m) over a 100 
year period reveal an average of 28.7 cm of snow falls each 
month from December through March (Eubank 1979). over 123 
cm fell in the study area in one month during 1949 (NOAA 
1949). Monthly minimum and maximum temperatures for the 
same period averaged -5.4° c and 5.4° C, respectively 
(Eubank 1979) . However, average winters are atypical and 
extremes are frequent. 
9 
During the first winter of the study, snowfall averaged 
42. 7 cm per month in the study area, from December 1984 
through March 1985, with an accumulation of approximately 30 
cm on the valley floor (NOAA 1984-85). During the same 
period, the mean monthly minimum and maximum temperatures in 
the study area were -10.8° c and 1.6° c. From December 1985 
through February 1986, monthly snowfall in the study area 
averaged 18. 5 cm, with 15 cm remaining on the ground in 
December and January (NOAA 1985-1986). By February, the 
snow had disappeared from the valley floor and was melting 
rapidly from the foothill areas. The mean monthly minimum 
temperature during the second winter was lower (-15° C), 
al though the average monthly maximum temperature was 
slightly higher (2.4° C) than the previous winter. 
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METHODS 
Experimental Design 
The study area was subdivided into two segments, each 8 
km wide, which served as treatment (feed) and control (no 
feed) areas, respectively (Fig. 1). These segments were 
separated by a 5-km wide buffer zone which remained 
unmanipulated and served to isolate the effects of 
treatment. Treatment and control were transposed with 
respect to a specific subsegment during the second winter. 
Thus, with an orchard in each zone, a treated orchard could 
be compared spatially within a year or temporally between 
years. 
In each orchard in both years, I randomly selected 20 
pairs of similar sized trees. The height, crown diameter, 
and crown circumference of each tree was measured to compute 
the crown volume below the browsing line using equations 
developed by Katsma (1977). A browsing line height of 1.8 m 
corrected for maximum snow depth in the orchard was utilized 
in the Katsma formulas. To quantify the effects of browsing 
on fruit production within the browsing zone, I randomly 
selected one tree in each pair and enclosed it with woven 
wire fencing 2 min height to exclude deer browsing. This 
also facilitated estimation of the ratio of apples lost per 
browsed bud. 
Four feeding stations spaced approximately 2 km apart 
and 1 km on the slope above the orchards were stocked with 
FEEDING SITES ( 1985 ) 
• • • 
II\ 
1 KM 
' 
II 
~ 
N 
DJ 
TREATMENT 
8 KM 
HWY . 89 
• 
BUFFER 
ZONE 
5 KM 
rn 
CANAL ROAD 
CONTROL 
8 KM 
• N1 
UTAH 
Fig ur e 1. Experimental desj _gn and location of study area for an invcstigatio11 of 
the effectiveness of intercept feeding on reducing browsing damag es in 
apple orchards . 
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attractive forage materials every day or two from mid-
December to mid-March. Food materials included a 
combination of dairy-grade alfalfa hay, balanced ration 
pellets, and orchard wastes (primarily fresh apple pulp) 
(Table 1) . During the second year, 14% more food was 
distributed to accommodate more deer observed in the area. 
In addition, several mineral salt blocks were placed at each 
feeding station. I distributed the food in several places 
at each station to reduce the effects of agonistic behavior 
among feeding animals. 
During the treatment period, daily counts of the number 
of deer seen above, below and at the feeding stations were 
made and recorded. Feeding patterns and deer interactions 
at the feed stations were noted. Mortalities at or near the 
feeding stations were recorded and necropsies performed to 
determine causes of death. Deer distribution and movement 
patterns in the treatment and control areas were assessed by 
means of track counts conducted following fresh snowfalls; I 
ran a series of 6 transects in each zone consisting of 80 
9.6-m 2 plots spaced at 15-m intervals beginning 150 m on the 
west side of Hwy. 89 and continuing uphill ( east) for a 
distance of approximately 1. 2 km. Within the treatment 
zone, transects were run along axes that passed through 
feeding stations as well as between them. At each location 
the approximate percentage of the plot containing deer 
tracks was estimated and recorded. 
Toble 1. Feedstuffs distributed at f eeding sites during the winters of 1984-1985 and 
1985-1986. 
Food 
Alfalfa hay 
Apple Pulp 
Pellets 
Quantity (tons) 
1 984-85 1 985-86 
18 
16 
1 .5 
16 
31 
4 
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During the second winter, pellet group counts were used 
to provide additional information on relative deer densities 
and distribution patterns in control and treatment areas. I 
established five transects in each zone. Transects in the 
treatment zone did not pass through feeding stations. 
Individual transects consisted of eight stations spaced at 
150-m intervals along east-west axes similar to those 
described for track counts. Each station comprised a cluster 
of 5 0.001-ha plots around a distance marker. Prior to the 
feeding period, I cleared the 400 quadrats of old fecal 
pellets. Pellet group counts were made following the 
feeding periods or after the snow had melted from the study 
area. 
During November, study trees were randomly selected, 
marked for later identification, and crown dimensions were 
measured. Assessment of the degree of browsing damage 
sustained by the trees in both control and treatment 
orchards was conducted early in April using procedures 
similar to those described by Katsma and Rusch (1979). 
Counts of the number of remaining buds and nipped points on 
individual branches below the browse line for study trees in 
both orchards were recorded. These branches were 
categorized according to their relative positions in the 
tree: 1) low and out (< 1 m and distal), (2) high and out 
( > 1 m and distal) , and ( 3) high and center ( > 1 m and 
proximal). No main branches were low and center(< 1 m and 
proximal). This facilitated determination of which 
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branches and sections of the tree are more vulnerable to 
browsing damage. During the first year, the numbers of 
buds on 11 unfenced trees were counted after pruning in the 
treatment orchard to assess the degree and characteristics 
of pruning practiced on study orchard trees. 
In mid to late April, the number of blossoms within the 
browsing zone were counted for all sample trees. The loss 
in fruit production was determined from apple counts on 
sample trees conducted in late June, following fruit set, 
and again in October when counts and weights of mature fruit 
were ascertained. 
Statistical Analysis 
Comparability of study trees was analyzed with a two-
way analysis of variance (ANOVA) procedure (Dowdy and 
Wearden 1983) to test the null hypotheses that tree crown 
volumes within the browsing zone and initial bud numbers 
were equal for all trees. Orchard (treatment or control) 
and tree-pair designation (fenced or unfenced) were the two 
factors tested by this procedure for each year separately 
with MINITAB. Unless stated otherwise, the critical alpha 
level for rejection of the null hypothesis in statistical 
tests was 0.05. 
Data from track transects and pellet counts were 
classified by year, month, treatment, transect number, and 
distance from feeding stations. Eight distance categories, 
each 150 m in length, were established for both sign 
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indices. Ten track plots were grouped into each distance 
class and the average percent track coverage for these plots 
was used in the analysis. To test whether deer distribution 
differed significantly between the treatment and control 
areas, I used a 2 X 8 factorial ANOVA with treatment and 
distance as factors (Dowdy and Wearden 1983); the analysis 
was accomplished by means of a factorial covariance (FCTCVR) 
program developed by Dr. Rex Hurst of USU. The same program 
was used to detect changing distribution patterns by month 
during the treatment period. A 2 X 8 X 2 factorial analysis 
of variance procedure (Dowdy and Wearden 1983) with 
treatment, distance class, and month as factors was utilized 
for this purpose . Preliminary analyses indicated that the 
yea r studied was not a significant factor in determining 
distribution . All pellet group plots were included in the 
analysis as subsamples within distance classes. Deer 
distribution in treated and control areas was analyzed using 
procedures described above for track plots. Pellet group 
densities of surveyed plots in each zone were used to 
determine if deer use was similar. 
Objectives 1 and 2 were analyzed with appropriate ANOVA 
procedures. The null hypotheses generated for the first 
objective were that bud damage, blossom numbers, weight and 
numbers of mature fruit did not differ 
treated orchards and control orchards. 
between trees in 
These hypotheses 
were tested with a completely randomized one-way ANOVA 
(Dowdy and Wearden 1983), for unfenced trees between treated 
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and control orchards in both years. In addition, apple 
production on fenced trees was also tested by the same 
procedure. Apple production on fenced versus unfenced trees 
within treatment orchards was also compared using a one-way 
ANOVA. 
Objective 2 comprised two aspects. One was to evaluate 
the Katsma and Rusch (1979) estimate of the number of apples 
lost per browsed tree. This was done by two independent 
procedures: (1) the paired-tree estimate and (2) Katsma and 
Rusch's method (1979) of harvest inflation. The paired-tree 
approach utilized the paired-tree design to obtain a pair-
by-pair mean of the difference in apple production from 
fenced trees minus unfenced trees divided by the number of 
nipped buds. This assumes that the fenced tree in the pair 
will always have more apples as a result of excluding 
browsing. However, this may not always occur. Therefore, 
the ratios of apples lost per browsed bud for each pair of 
trees were ranked to accommodate negative values. The 
median of these ratios was determined using the Wilcox sign 
rank test. Confidence intervals around the estimator, for 
all pairs as well as those in individual orchards, were also 
computed using procedures associated with this test. 
The Katsma and Rusch (1979) method involves inflating the 
actual harvest by the complement of the percent bud damage, 
subtracting the actual harvest, and then dividing by the 
total number of nipped buds, as given in the following 
relationship: 
apples lost 
= 
browsed bud 
apples harvested 
1 - % damage 
apples harvested 
total number of browsed buds 
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The null hypothesis in this test is that the mean 
apples lost to browsed bud ratio equals o .17, and was 
tested for all unfenced apple-bearing trees (n = 64) using 
the upper and lower limit of the 95% confidence interval. 
The mean and standard deviation for both orchards during 
both years were calculated using a 2 X 2 factorial in a 
completely randomized design ANOVA with year and treatment 
as factors. The computation was accomplished using least 
square procedures provided by program RUMMAGE. 
The second test of interest regarding Objective 2 
involved identification of the portions of semi-dwarf apple 
trees vulnerable to browsing damage by big game. Classes of 
individual branches based on position were tested for degree 
of browsing damage with a 2 X 3 factorial in a completely 
randomized ANOVA analyzed using least squares procedures 
provided by RUMMAGE. Treatment and branch position were the 
factors used in this analysis. 
A third and final objective of this study involved 
evaluation of the cost-effectiveness of diversionary feeding 
relative to other quantifiable control methods. Major costs 
included feed materials, fuel, and labor. Feeding costs 
were multiplied by a ratio (0.006) of study orchard size 
divided by effective treatment area. The only benefit 
considered was the value of the additional apples produced 
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by the study orchard in the treatment area as a result of 
reduced browsing damage. This value was calculated using 
the apples lost per browsed bud ratio discussed previously, 
the number of buds browsed projected for the entire 
treatment orchard and the market value of apples in Utah 
during the study period. Other benefits of the project 
(protection to other fruit types, reduction of deer-vehicle 
collisions), were not quantified during the study period. 
Costs and benefits of intercept feeding and orchard fencing 
were estimated for a twenty-five year period. 
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RESULTS 
Site And Tree Comparability 
Valid inferences of observed differences in apple 
production between treatment regimes require similarity in 
initial values of paired-tree parameters and potential 
browsing pressure. Comparisons of initial bud numbers and 
crown volume within the browsing zone of the study trees, 
analyzed by orchard treatment and fence status for each 
year, revealed significant differences in crown volume but 
not in initial bud number (Table 2). Crown volume differed 
significantly between orchards in both years, but not among 
paired trees. The parameter most critical for comparing 
results was initial bud numbers. 
Pellet group densities were also examined to evaluate 
the similarity in potential browsing pressure between the 
two zones. Pellet group surveys in the study area in 1986 
facilitated this determination. Pellet group densities were 
1.78 per plot in the treatment zone and 1.92 per plot in the 
control zone (.f = 0.35). As shown in Figure 2, pellet 
groups in the treated area were concentrated near the 
feeding stations whereas they are more uniformly distributed 
in the control area. Factorial analysis showed these 
distributions to be significantly different. Information on 
the number of animals attracted into the treatment area from 
beyond its boundaries by feeding are lacking. 
The distributions of tracks along transect lines 
Table 2 . Comparison of initial bud numbers and crown volumes between treatment and 
control orchards and between fenced and unfenced trees for both years. 
1985 1986 
·---- -
Mean l?.. Mean £ 
Number of Buds 
Orchard 0.35 0.14 
Treatment 1297.4 1189.0 
Control 1383.5 1005.2 
Pair 0.38 0. 1 1 
Fenced 1380.7 1048.2 
Unfenced 1300.2 .1146.0 
Interaction 0.23 0.27 
Crown Volume (m3) 
Orchard 0.005 0.001 
Treatment 8.199 9.564 
Control 6.759 7.685 
Pair 1.00 0.99 
Fenced 7.485 8.685 
Unfenced 7.473 8.564 
Interaction 0.69 0.99 
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corroborated the hypothesis that feeding stations attract 
and concentrate deer. Percent track coverage in the 
treatment zones differed significantly among distance 
classes throughout the treatment periods (Figs. 3 and 4). 
Transects in the treatment areas also showed a higher 
incidence of tracks located near feeding stations while 
little or no sign of deer occurred within the orchard. 
Transects through control areas ( in both years) revealed 
that deer were distributed nearly uniformly throughout the 
altitudinal zones. 
Feeding 
Apple pulp and cull apples were completely consumed by 
deer within a day of distribution. Mule deer ate the 
leaves, buds and small stems of the alfalfa hay, but did not 
eat the course stems (nearly 30% of a bale). Deer readily 
consumed artificial pellets, but did not utilize salt 
blocks. 
Deer numbers observed at, above, and below feeding 
stations are shown in Table 3. Deer on slopes above feeding 
stations during the second year were more difficult to 
detect because of trees or steepness of the slope. 
Behavioral interactions of deer at feeding stations 
typically involved threats by larger does to strike 
yearlings or fawns that came within a meter of where they 
were feeding. No interactions among mature bucks were 
noted, and no physical contact was observed between feeding 
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'Pable 3. Mean number of deer observed per day above, at, and below feeding s tati ons 
during the winters of 1984-1985 and 1985-1986. 
Station Number Number of Deer 
1984-85 1985-86 
Above At Below Above At Below 
, 12.9 30.5 1.8 0.6 39.2 1.3 
2 14.7 35.0 1.2 2.2 25.9 1 .0 
3 13.5 28.8 0.4 1 . 1 21.8 1 .0 
4 8.2 15.3 0.0 3.4 35.4 0.8 
Total 49.3 109.6 3.4 7.3 122.3 4.1 
N 
(j\ 
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animals as a result of agonistic behavior. 
During the first year of the study, eight deer (seven 
fawns and one adult) were found dead near feeding stations 
late in the feeding period. No deer mortality was 
detected during the second year. The eight animals were 
emaciated, but examination of the digestive systems of five 
of them revealed that their intestines were filled with 
coarse alfalfa hay stems. Apparently, the animals were near 
starvation when they discovered the feeding stations and 
gorged themselves on the hay stems. No perforations of the 
intestines were found, and the cause of death appeared to be 
to be intestinal blockage by the hay stems. 
Percent bud damage in the control orchards exceeded 
that observed in treated orchards in both years (Table 4). 
Damage in treated orchards was 8.5% during the first year 
and o. 2 % during the second year. In the control orchard, 
the percent damage was 12.8% during the first year and 21.6% 
the following year. 
Mean numbers of blossoms did not differ significantly 
between all fenced and unfenced trees. However, trees in 
the treated orchards in both years produced an average of 
657 blossoms, while control orchards only averaged 144 per 
tree. 
Weight of mature fruit per unfenced tree between 
treatment and control orchards averaged over both years was 
significantly different. The treatment orchards produced an 
average of 2 3. 5 kg of apples per tree while the control 
Ta ll l e 4. Mea n p e rc en t da ma g e a nd ma t u r e apples prod u ced fro m fe nced and u n fe nced t r ee s 
in the tr ea tm e nt and cont rol o r chards in 1985 a nd 19 8 6 . 
1985 1986 
Treatment Control p Treatment Control p 
Percent Bud Damage 8.5 12.8 0.07 0.2 21.6 0.001 
Apples (Unfenced) 109.6 52 .9 0.04 226.0 23.4 0.001 
Apples (Fenced) 151.2 54.9 0.001 258.4 33.1 0.001 
p (Fenced vs. Unfenced) 0.025 0.75 0 .75 0 . 15 
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orchards produced only 5.1 kg per tree. 
Numbers of mature fruit on unfenced trees also differed 
significantly between treatment and control orchards during 
both years {Table 4) . In 1985, 109. 6 apples per unfenced 
tree were produced in the treatment orchard compared to only 
52.9 in the control. The following year, 226.0 apples per 
unfenced tree were produced in the treatment orchard 
compared to only 23.4 in the control. However, fenced trees 
not subject to browsing demonstrated a similar pattern, thus 
indicating that the observed responses were not related to 
the treatment alone, but were likely a function of 
periodicity in apple production. The 151.2 apples produced 
per fenced tree in the treatment orchard in 1985 differed 
significantly from the 54.9 produced in the control orchard 
that year. The same is true for the 258.4 apples per tree 
produced in the treatment orchard the following year when 
compared to 3 3. 1 apples per tree produced in the control 
orchard. Fenced trees in the 1985 treatment orchard 
produced significantly more apples than the unfenced trees 
in this orchard {Table 4). Significant differences in apple 
production between fenced and unfenced trees in the two 
control orchards was expected, but did not occur. Thus, 
feeding successfully diverted deer away from orchards and 
reduced browsing damage on buds, but, in the years covered 
by the study, apparently other factors had a greater impact 
on apple production. 
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Damage Assessment 
The techniques described by Katsma and Rusch (1979) 
were reliable for assessing orchard damage, but are very 
time-consuming. A goal of this study was to ascertain if 
differences in browsing intensity existed on main branches 
relative to their position on the tree, and, if so, to find 
a combination of categories of branches that would reliably 
estimate total tree damage without enumerating the entire 
tree. 
Analyses showed that significant differences in 
browsing intensity existed among branch classes and within 
branch class when segregated by treatment category except 
for the high and center class (Table 5). Having ascertained 
the differences in the vulnerability of the three branch 
classes, I found that counting a single branch from each 
class (three branches per tree) on 10 or more trees 
predicted orchard damage reliably. The average percent 
damage in sixty random combinations (thirty from each 
treatment) using this method fell within 10% of the 
estimated damage for the entire orchard with a single 
exception. Frequently, no damage was detected in the second 
year treatment orchard (0.2% damage). 
The impact of spring pruning in the browsing zone was 
also investigated. Pruning is a horticultural technique used 
to stimulate tree growth and increase fruit size (Westwood 
1978). A weighted mean of eleven trees from the first year 
treatment orchard revealed that orchardists pruned 23% of 
' l' a lJ] c S . Mean percent bud damage by branch class and Lreatment for boll\ year:::; . 
a 
Branch Class Percent Bud Damage 
Mean E_ 
1) Low & Out 0.001 
Treatment 21.0 
Control 33.8 
2) High & Out 0.001 
Treatment 0.4 
Control 1 4. 1 
3) High & Center 0.68 
Treatment 0. 1 
Control 0. 1 
CJ difference branch classes 0.001 p of no between -
w 
.... 
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the browsing zone buds (Table 6). Thus, orchardists pruned, 
on average, more buds than were removed by deer. 
Results of the two methods of determining the ratio of 
apples lost per browsed bud are given in Table 7. The 
paired-tree method of estimating the ratio yielded an 
overal 1 median of O .158 apples lost per browsed bud. 
However, variability among pairs was high as indicated by 
the upper (0.681) and lower (0.000) limits of the 95% 
confidence interval associated with the median. Using the 
Katsma and Rusch (1979) harvest inflation method, the 
average of all 64 apple bearing trees exposed to browsing 
was 0.082 apples lost per browsed bud, but was subject to a 
high degree of variability (SD = 0.079). Therefore, the 
95% confidence intervals included Katsma and Rusch's (1979) 
estimate of the ratio ( o .17) . However, variation in both 
ratio estimates indicates that a single value for the number 
of apples lost per browsed bud is not universally applicable 
for all trees in every orchard. For the purpose of 
estimating economic benefits of this feeding program, a 
weighted mean of 0.10 apples lost per browsed bud was used. 
Economic Evaluation 
Expenses incurred in the feeding program are summarized 
in Table 8. Two estimates of gas expenditures are provided. 
One gives actual expenses including the round trip from 
Logan to the study site (160 km). The other estimate 
provides more realistic operational feeding costs using 
Ta b le 6. Dud numbers before and after pruning on ele ve n st udy trees and the resl t ltinq 
pe r ce n t bu d los s. 
Tree No. Preprune No. Postprune No. % Pruned 
7319 813 657 19 
7321 1.013 715 29 
7323 891 552 38 
7325 1.240 796 36 
7327 2.194 2.026 8 
7329 1.467 909 38 
7331 1.322 1.1 64 12 
7333 2.134 1.963 8 
7335 1.545 1.090 29 
7337 1.478 1.083 27 
7339 1.561 1.343 14 
Total 15.658 12.298 
Weighted Mean 23 
Table 7. Ratios of apples lost per browsed bud by treatment a nd year u sl nq two mct l1od s 
of estimation. 
Paired-tree Method: 
Treatment 
Feed 
Control 
Katsrna & Rusch Method: 
Treatment 
Feed 
Control 
1985 
0.43 
0.01 
1985 
0. 1 2 
0.06 
1986 
0. 1 4 
0.05 
1986 
0. 1 4 
0.03 
'l'uble 8. Expenditures ($) involved in the intercept feeding program during th e wint e i- :c_; 
of 1984-1985 and 1985 -1 986 . 
1984-85 
Food materials 1975 
Labor 1522.5 
Gas a 980 
b 140 
Other (truck wear, admin., etc.) 300 
Total a 
b 
Actual Cost/Orchard 
a 
actual: (Logan to N. Ogden) 
b realistic: (15 km/day) 
c 1 985-86: ( 1 trip every 2 or 
4777.5 
3937.5 
28.7 
1984-85 
$ 10/day 
$ 10/wk. 
3 days) 
1 985-86 
2230 
1350 
344 
56c 
500 
4224 
3936 
25.3 
1 985-86 
$ 4/day 
$ 4/wk. 
w 
Ul 
local labor. 
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In 1985-86, only one trip every 2.5 days was 
necessary to distribute feed. Actual expenditures for both 
years averaged approximately $4, 500 per year. However, 
realistic feeding costs should average about $4,000 per 
year. Actual costs were employed in estimating the 
benefit/cost ratios. However, these figures include the 
costs of treating an area (the entire feed zone) much larger 
than the study orchard. Therefore, feeding costs were 
reduced in a proportion equal to the size of the study 
orchard divided by the effective treatment area to reflect 
the cost of treating only the study orchard. While a 
minimal amount of feeding is necessary to effect a 
successful treatment in an area, the per orchard cost will 
be a fraction of the total feeding costs. 
Benefits of feeding that could be quantified absolutely 
were the apples in the treatment orchards that were not 
browsed as buds, utilizing a ratio of 0.10 apples lost per 
browsed bud. Estimates of the monetary value of apples were 
obtained from local fruit stand prices (bushels) and from 
average commodity prices (pounds) of Utah apples published 
in conjunction with the Utah Agricultural Experiment Station 
(Snyder 1985). The lowest estimate of the benefits was 
divided by the actual feeding cost for the study orchard to 
yield benefit/cost ratios of 9.20 and 32.89 (Table 9) for 
the two years of the study. Thus, based on apples saved in 
the experimental orchards, feeding was worth the expense. 
One quantifiable benefit of feeding is browsing 
'T'c1bl e 9 . Benefits and benefjt / cost ratios of the intercept feeding program 1111rinq thP 
winters of 1984-1985 anct 19BS - 198G . 
a 
Study Apples Saved 
Orchard Apples Saved 
Kilograms Saved 
Bushels Saved 
$ Saved (kg) b 
c $ Saved (bushels) 
Benefit/Cost 
1984-85 
1, 794.0 
10,880.6 
1 ,648.5 
108.8 
263.6 
1 ,088.0 
9.20 
Q, • • • 
Reduction 1n browsing damage compared to control 
apples lost/nipped bud 
b $ 0.07 /kg 
c $ I C I 10.00 bushel 100 apples bushel) 
1985-86 
4,241 .0 
34,394.5 
5,21 0.8 
343.9 
833.6 
3,439.0 
32.89 
0.10 
w 
....J 
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reduction in other semi-dwarf apple orchards within the feed 
zone. Approximately 11.4 ha of this orchard type are found 
in the Brigham (1985) treatment area, but the study orchard 
in Willard was the only one of its kind in that (1986) 
treatment zone. Based on the first year's results and a 
ratio of 0.10 apples lost per browsed bud, I calculated that 
it would have required 11.2 ha of semi-dwarf apple orchards 
in the Brigham treatment zone to produce a benefit/cost 
ratio of 1. o. If the entire 5.1 km2 feeding zone had been 
planted in semi-dwarf apple orchards, then potentially 4.5 
million apples valued at $250,000 would have been saved from 
browsing during the first year, yielding a benefit/cost 
ratio of 50. During the following year, 14.7 million apples 
valued at $750,000 were potentially spared with a 
benefit/cost ratio of 187.5. However, these projections are 
unrealistic because the deer population in the area is 
nowhere near the number to cause this much damage. Still, 
it demonstrates the benefit of treating large continuous 
orchards with this technique. 
DISCUSSION 
Feeding 
In part, the feeding project was an experiment in what 
supplemental feed materials deer would accept and how they 
would respond to them. For instance, these animals, 
located along a mountain range adjacent to the Great Salt 
Lake, did not use the salt blocks. In other areas of the 
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country, deer are attracted to and utilize salt licks. 
Alfalfa hay has been a controversial feed supplement since 
Carhart (1943) expressed concern about the ability of the 
deer's digestive system to handle it. However, Doman and 
Rasmussen (1944) demonstrated deer could adequately digest 
alfalfa hay. Some mortality may occur when deer are starved 
and then fed fibrous diets (Dean 1976) although some 
investigators of deer nutrition believe the digestive 
capabilities of these ungulates can handle this type of 
stress (DeCalesta et al. 1975). succulent feeds are 
important for attracting deer to feeding stations, but 
fibrous supplements should probably be included to prevent 
scours. 
Numerous factors affect apple production, of which deer 
browsing constitutes but one. Apple crop production is also 
affected by periodicity in fruit production, variability in 
winter severity, and unknown second and third year growth 
effects from previous big-game browsing episodes (Austin, 
pers . comm.). Periodicity appears to have been a 
confounding variable in blossom and crop production during 
this study. Some trees, with hundreds of buds, failed to 
blossom in the spring while others in the same orchard had a 
"bumper crop." Al though other factors obscured the effect 
of treatment on crop production in this study, big game 
browsing is not always insignificant compared to other fruit 
production factors. However, these factors should be 
considered carefully when deciding whether or not to feed. 
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Diversionary feeding when a low-production year is expected 
or when an orchard is highly vulnerable to severe winter 
weather should be avoided. However, when a "bumper crop" is 
expected from a reliably producing orchard, diversionary 
feeding can reduce browsing damage by deer. 
Potential hazards of operating a feeding program 
should also be considered. Feeding stations provide 
opportunities for increased deer mortality through 
predation, poaching, and disease transmission. They also 
provide opportunities for humans to harass or tame feeding 
animals. In addition to these obvious dangers, winter 
feeding may result in an excessive concentration of deer, 
localized range degredation, and massive die-offs from 
starvation. Lower spring vigor may also result from a 
continual feeding effort (Doman and Rasmussen 1944). 
Damage Assessment 
The apples 
variable that 
lost per browsed bud 
it is of little use 
ratio 
except 
may be so 
when well 
documented for a particular area and fruit variety. In a 
simulated browsing experiment, Katsma and Rusch (1980) 
verified their 0.17 estimate of the ratio, but demonstrated 
a high degree of variability in the estimate. Even so, the 
ratio value may be of little consequence given other factors 
affecting fruit production. In fact, Katsma and Rusch 
(1980) eliminated nine treated trees from their analysis 
because they became infected with apple scab fungus and 
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failed to produce. 
Both farmers and state wildlife agencies would 
appreciate a reliable and easy to use method for evaluating 
crop damage. The Katsma and Rusch (1979) technique is a 
helpful step toward this goal. With modification and 
refinement, their technique will eliminate the guesswork 
involved in damage assessment. Additional research 
regarding sampling schemes and intensity are warranted. 
Economic Evaluation 
I had hoped to compare alternative control methods with 
feeding, but in order to do so, the level of effectiveness 
in depredation control had to be substantiated in terms of 
apples rather than opinions. The literature contains few 
figures on empirical benefits or results provided. Scare 
devices are often ineffective because of habituation to non-
threatening stimuli (True 1932, Kittams 1939, and Denney 
1955). Chemical repellents are expensive (Eadie 1961) and 
require frequent application (Tully and Greene 1981). Thus, 
deer-proof fencing was considered the only quantifiable 
alternative for comparison with feeding. 
A woven wire fence 2. 4 meters high is effective in 
precluding deer from orchards (Dudderar 1977), but the cost 
of materials and installation often discourages its use. 
Caslick and Decker (1979) calculated that construction costs 
for such a fence would be $5.41 per meter including labor. 
Tully and Greene (1981) reported that the construction of a 
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deer-proof fence costs $3, 720 per km for materials alone. 
However, such a fence provides protection for approximately 
25 years if properly maintained and operated. Based on 
quotations from three commercial fence suppliers in Northern 
Utah, I computed that the cost of a 2.4-m woven wire fence 
would be $440/km/year with labor and $360/km/year without 
labor if amortized over a 25 year period. 
Electric fences have been tested for deer exclusion, 
but results have been discouraging. Tully and Greene (1981) 
found deer penetrated electric fences and continued to cause 
damage. Electric fences become grounded and cease to 
function when 15 cm of snow accumulates on the ground 
(Tierson 1969). According to big game managers with the 
UDWR, the advent of the New Zealand polywire electric fence 
has not solved the problem of orchard depredation by big 
game (John Kimball pers. comm., Walt Fitzgerald pers. comm). 
Max Green, a fence supplier for the UDWR finds the New 
Zealand fence ineffective against wild animals unless it is 
permanently installed, because a portable setup is not 
strong enough to prevent deer from penetrating it. This 
would be inconvenient for orchardists because permanent 
fencing would interfere with removing pruning wastes, 
fertilizing, applying insecticides, and harvesting the crop. 
The New Zealand fence must also be watched carefully for a 
week after installation until deer can learn to avoid it, 
and even so, herding animals may push one another through 
it. To be effective, ten wires spaced 25 cm apart must be 
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used. The cost of such a fence, excluding energizer, power, 
brace posts, grounds and installation, is approximately 
$1700 per kilometer (Green pers. comm.). 
If a fence is truly deer-proof, it should provide a 
100% reduction in browsing damage. If the same 0.10 apples 
lost per browsed bud ratio is used to reflect the crop gain 
to the study orchards had they been fenced, then a 
benefit/cost ratio of 129. 3 and 121.1, respectively would 
have resulted for the two years of the study (Table 10). 
The size of the study orchards was approximately 1. O ha. 
Therefore, the long-term benefit from an orchardist 
concerned about the damage in an orchard of this size would 
accrue from fencing it. 
Strict interpretation of benefits derived from feeding 
was used in the benefit/cost analysis. However, other 
benefits should be considered, and the benefits to other 
semi-dwarf apple orchards in the feeding zones can be 
quantified, other benefits include: reduction of browsing 
damage in semi-dwarf apple orchards and other fruit types. 
Prevention of second and third year growth effects to fruit 
orchards is another possible benefit. Preservation of fruit 
tree seedlings and residential ornamental shrubbery are 
other substantial benefits to be gained by feeding big game 
in winter. 
Winter severity is a major, but highly variable, 
determinant of the amount of orchard browsing damage. 
Browsing damage in Utah orchards varies from insignificant 
Tab l e 10. Es t i mated be n efits und costs of fenci ng the trea tm ent orc h un1 d u rinq t:ll c 
win t ers of 19 8~- 1985 and 1985 -l 9 8 G. 
1984-85 1985-86 
. a Supplies & Labor b $ 177 $ 306 
Increased Crop Value c $ 22,882 $ 37,059 
Benefit/Cost 1 29.28 1 2 1 . 1 1 
a 
2.4 m woven wire 
b $ 440/km/year with labor, $ 360/km/year without 
amortized over 25 years 
c . 
Assume no damage 1n fenced orchards 
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to heavy and may not warrant extensive control efforts in 
some winters. Critical winter weather factors are snow 
depth (30 cm or more covers many browse plants), duration of 
deep snow, and average monthly minimum temperatures ( o0 c 
and colder) (Leckenby and Adams 1986). Values for critical 
factors given above are meant more as guides than as 
definitive figures. During the past 25 years, only three 
winters met or exceeded all these criteria (NOAA 1961 -
1986). Five others, including the first year of this study, 
exceeded two of the three factors but usually a warm January 
decreased snow depths for approximately three weeks. Nine 
winters were "open" with very little snowfall on the winter 
ranges. The remainder, including the second study winter, 
were between these extremes. The 25 year period before that 
was characterized by winters of low to average precipitation 
except for the severe winter of 1948-
1949 (Eubank 1979). Therefore, feeding may only be 
necessary for reducing browsing damage in one out of every 
three years. Feed could be stored on site for this 
eventuality. 
Amortizing feeding costs over 25 years, but only 
feeding during a third of those years would increase the 
feeding benefit/cost ratios somewhat, but it would be 
difficult to estimate by how much without more data on the 
incidence of browsing damage and crop loss as a function of 
winter severity. The same dilema applies for fencing. In 
at least half of the winters during a 25-year period, the 
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fence will accrue little or no benefit, but it will still 
cost the orchardist $440/km/year. Without further data on 
the effects of winter weather on browsing damage and crop 
loss, it is impossible to predict how much benefit/cost 
ratios of fencing might decline. 
SOCIO-POLITICAL CONSIDERATIONS 
Responsibility for orchard damage prevention and 
compensation, where damage is a significant problem, has 
fallen upon state wildlife agencies (Tully and Greene 1981). 
During the winter of 1931-1932, the Department of Fish and 
Game set a precedent in Utah for assuming responsibility for 
big game damage by spending $3, 000 to protect private 
property from elk damage and to fee elk during the winter on 
ranges adj a cent to the Cache National Forest ( Doman and 
Rasmussen 1944). The first legislation providing for 
orchardist compensation for big game damage in Utah was 
passed in 194 7 and allowed a maximum claim of $100 to be 
paid per claimant (Austin 1983). In 1953, this was raised 
to $200 and was increased again in 1977 to $2,000. The UDWR 
also has a big game depredation program which assumes the 
cost of fencing orchards in vulnerable areas. In 1985, Utah 
hunting licenses were increased, in part, to help finance 
the big game damage control program (Austin pers. comm.). 
The state's responsibility for prevention and 
compensation of big game orchard damage has been questioned 
in a recent court case: Scott vs. the State of Connecticut, 
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1984 (Spignesi, 1985). The trial referee for the State 
Superior Court of Connecticut denied an orchardist's claim 
for compensation of apple orchard damage caused by the 
state's white-tailed deer (Odocoileus virginianus). 
Although the referee agreed with the plaintiff that state-
owned deer had caused a reduction in crop yield, he 
concluded that the state's deer were properly managed and 
that, "the State of Connecticut is not liable for injuries 
or damage caused by wild deer simply because the state has 
undertaken to protect them by means of fish and game laws 
and regulations." Because the responsibility of deer 
management resides with the state and federal governments, 
we are likely to see such wildlife management problems being 
resolved by legislative and judicicial processes. 
Wolfe (1978) summed up the problem of winter deer 
feeding in a management context: 
We are professionally constrained from substituting 
artificial feeding where natural food supplies can 
be increased or maintained through habitat improvement 
and where we have failed to adjust harvest systems to 
maintain herds within carrying capacity. 
The 1986 hunting regulations (UDWR l986b) provided 
opportunities for "depredation hunts" for the first time. 
These limited hunts were designed to help control big game 
depredation problems for farmers, ranchers, and orchardists. 
Depredation permits for orchardists have been restricted 
since 1984. Depredation hunts for deer, elk, and antelope 
(Antilocapra americana) were provided for in the 1987 hunt 
(UDWR 1987). 
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Suitable big game winter range must also be provided to 
maintain deer numbers and minimize conflicts with farmers. 
This will continue to be a problem for State wildlife 
managers because 69% of big game winter range in areas like 
Box Elder County (Deer Herd Unit 1) where this study was 
performed is privately owned (UDWR l986a). Land leases, 
easement purchases, agricultural subsidies, and restrictive 
zoning may have to be considered in order to maintain deer 
numbers when outright land purchases are not possible. 
Orchardists must come to realize that big game browsing 
damage is a cost of doing business in winter range areas. 
Of course, some orchardists should be "grandfathered" in to 
a program of damage prevention and/or compensation, but the 
State should not have to bear the burden of damage caused by 
big game in new orchards on private land. I believe a 
system of coordinated regional land planning between state, 
federal and private landowners is needed to successfully 
resolve the big game orchard depredation problem. 
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